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Abstract 
Smart inks as a redox indicators of photocatalytic activity were applied on several paints with 
acrylic and silicate binder exposed to accelerated weathering test. The results show, that self-
cleaning paints need some weathering to develop full photocatalytic activity.  On the other 
side weathering may negatively influence the durability of the paint as shown for a silicate 
based exterior paint, which was significantly degraded after 350 hours of weathering test. 
Smart inks proved to be suitable and rapid indicators of paint photoactivity. Resazurin ink is 
convenient only for unexposed paint with low photocatalytic activity while an Acid Violet 7 
ink was appropriate for most of the paints, especially those that were weathered.  
 
 
 
1.Introduction 
Commercial self-cleaning paints contain, besides the usual pigments and fillers,  
particles of a photocatalyst such as TiO2 or ZnO which act as a sensitizer for the 
photocatalytic process, i.e. the mineralisation of organic and inorganic pollutants via their 
photo-sensitised oxidation by oxygen. Current commercial paint applications are mainly 
focused on exterior facade paints which, via the photocatalytic processes, are not susceptible 
to soiling by organic pollutants or the growth of microorganisms, fungi and algae [1-3]. 
Photocatalytic paints are also widely used to improve the air quality in the 
environment, via the removal of NOx [4] and/or ammonia [5] , the former originating mainly 
from car exhausts and the latter from car exhausts and farm manure.  The development of 
photoactive paints may seem paradoxical, because paint manufactures use pigments, e.g. TiO2 
that are specifically designed to be photocatalytically inactive, as they would otherwise photo-
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oxidise the polymer binder and cause photochalking. Therefore, paint pigments are often 
based on low active or non-active rutile titania particles, surface treated with alumina or silica 
in order to ensure photocatalytic passivity. Such pigments also stabilise paints for the exterior 
use as they act as a highly effective solar UV block [6]. In the formulation of any self-
cleaning paint it is important to find a compromise between photocatalytic activity and paint 
lifetime [7]. 
This work is a continuation of a previous report [8] from this group which focused on 
the effect of weathering of acrylic photocatalytic paints, containing TiO2 and ZnO, on their  
photocatalytic activities, as assessed using a test based on the photocatalysed oxidative 
bleaching of Acid Orange 7 (AO7) in solution. The latter test is rather cumbersome and time-
consuming to use. As an alternative there is an increasing interest in photocatalytic activity 
indicator inks, which work via the reduction of dye, as they are fast, simple and easy to use. 
Encouragingly, they appear to generate results that correlate directly with those obtained 
using the more conventional, but much more time-consuming oxidative tests, such as those 
based on AO7 bleaching [9] or stearic acid removal [10-12].  
Photocatalytic activity indicator inks work on the basis that: (i) the ink film is 
deposited onto the surface of the photocatalytic film under test, such as a photocatalytic paint; 
(ii) upon ultra-band gap illumination of the underlying photocatalyst, the photogenerated 
holes oxidise a sacrificial electron donor, present in the ink, such as glycerol. The 
photogenerated electrons are then free to reduce the redox dye also present in the ink and in 
doing so change the colour of the ink. As a consequence the rate of change of the ink, as 
measured by UV/Visible spectroscopy or using digital photography, vide infra, provides a 
direct measure of the photocatalytic activity of the ink. The redox dye is chosen so that it is 
readily and irreversibly reduced by the photogenerated electrons and that the associated 
colour changes striking [13]. Dyes used previously include: resazurin (Rz; blue to pink) and 
dichloroindophenol (DCIP; blue to colourless) [14-19]. The objective of the current work is to 
use photocatalytic activity indicator inks to assess the activities of several self-cleaning paints 
exposed to simulated weathering. For this purpose a recently introduced redox dye, acid violet 
7, (AV7; pink to colourless) [20] is conveniently used.  
 
2. Experimental 
2.1 Paints preparation 
A series of paints were prepared by mixing the pigments, fillers, photocatalyst and special 
agents in acrylic water based dispersion. The amount of photocatalyst in paint was set to 8 
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wt.%. The typical “photocatalytic” paint used here comprised of: 243 g of acrylic dispersion, 
40 g of the TiO2 photocatalyst, 55 g of rutile non photocatalytic TiO2 pigment (Kronos 2190), 
46 g of BaSO4 (Sachtleben) and additives such as rheological, antifoaming and wetting agent. 
The TiO2 photocatalyst used was Evonik TiO2 P25, consisting of 71% of anatase and 29% of 
rutile (XRD) with BET surface area about 56 m2/g. For comparison, the photocatalytic 
activities were also determined for two different commercial self-cleaning, photocatalytic 
façade paints, namely: an interior paint (IP) and a silicate based exterior paint (EP)  
In all cases, the paint sample under test was applied to a soda lime glass slide support 
using a universal applicator ZUVA 2000 (Zehnter, Germany), set to generate a wet film 
thickness of 150 µm, which typically dried (24 hours) to a thickness of 80-100 µm. 
Weathered samples were produced by exposing them in a weathering unit (QUV, Q-Lab, 
USA) up to 600 hours using the following cycle: i) UV irradiation (maximum 340 nm), 
intensity 1 W/m2, 8 h, (ii) spraying with water, 7 dm3/min, 4 min, (iii) condensation of steam, 
temperature 70 °C, 4 h and (iv) spraying with water, 7 dm3/min, 4 min. 
 
2.2 Photocatalyst activity indicator inks 
A typical ink consisted of: 10 g of 1.5 wt.% of hydroxyethyl cellulose, 1 g of glycerol, 
20 mg of polysorbate 20 surfactant. In the case of the Resazurin ink the amount of dye added 
was 10 mg, in the case of the Acid Violet 7 ink, 25 mg of dye were added. The amount of dye 
in the ink has been chosen based on the previous experience with aim to achieve 
decolourization times in the range from 1-90 min. Both dyes were supplied by Aldrich 
Chemicals and used as received. In all cases the indicator ink was applied to the paint samples 
using K-bar Nr. 3 (24µm (RK Print). After application, the ink coated sample under test was 
dried for 1 hour in the dark and then exposed to UVA light from black light (BL) lamp 
(λmax(emission) = 352 nm; irradiance: 2 mW/cm2) [21].  Throughout the irradiation, digital 
images of the ink-coated samples under test were periodically recorded using a handheld 
document scanner (CopyCat). The central part of the ink-coated digital image of each sample 
was then analysed in terms of its red (R), green (G) and blue (B) components using a free 
graphical software package, ImageJ [13]. The plot of the colour component that changed most 
significantly (R for the Rz ink and G from the AV7 ink) vs. time of UV exposure allowed the 
time to bleach 90% of the colour, ttb(90), to be calculated for the material under test. In all 
this work, at least six identical samples were tested for each material under investigation.  
 
3. Results and discussion: 
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At first the photocatalytic activities of the unweatheredTiO2 in-house paint and 
commercial silicate based exterior paint were assessed using Rz as the photocatalyst activity 
indicator ink. The results of this work, in the form of plots of R(t) versus irradiation time t, 
are, for the six samples of each paint, illustrated in figures 1 and 2 respectively. In both cases, 
plots of R(t) versus irradiation time t exhibit a clear peak at the point where the colour of the 
film disappeared or stopped changing. The identification of the exact time when all 
photobleaching (of the colour component under investigation) of the activity indicator ink has 
ceased is difficult and so the time taken for 90% of the overall bleaching process is 
determined instead (Ttb 90) [20].  For each trace in Figs 1 and 2, this point is identified by a 
solid red square. Comparing Figs 1 and 2 we can see dramatic differences in the Ttb (90) 
values for the two different paint samples. Thus, the TiO2 in-house paint exhibits a reasonable 
photocatalytic activity, whereas in the case of the commercial exterior paint, its photocatalytic 
activity is much lower and so its average Ttb value is about 40 times higher. In the case of a 
commercial interior paint (bleaching curve not shown here), its photocatalytic activity was so 
high (colour change take place in few seconds that the Rz ink test was adjudged as not 
suitable for assessing the activity of this paint.  As a consequence, for this purpose, another, 
less sensitive ink based on the dye AV7 was used following its recent development [20]. 
 
 
Fig. 1 Plot of R(t) depending on exposition time for Rz ink on TiO2 in-house paint 
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Fig. 2 Plot of R(t) depending on exposition time for Rz ink on commercial silicate based 
exterior paint 
 
As a next step we exposed paints samples to an accelerated weathering test in a QUV 
panel to simulate weather conditions. In our previous work we reported that exposure of self-
cleaning paint to extensive weathering may cause photocatalytic destruction of polymer 
binder and release of the embedded photocatalyst particles resulting in increase of 
photocatalytic activity [8, 22], eventually followed by its failure. For such exposed samples it 
is also convenient to use an AV7 photocatalyst activity indicator ink instead of Rz ink. The 
structure of AV7 dye is shown on Fig 3 and when monitoring the disappearance of its red 
colour, the green (G) component of the RGB analysis of the ink's image is extracted and 
plotted as a function of time, rather than the Blue when using the dye Resazurin. A plot of 
G(t) depending on time of exposition for TiO2 in-house paint is illustrated on Fig 4. 
Compared to bleaching curve for Rz ink (Fig 2.) we can see that the Ttb value increases and is 
about 46 minutes. Fig 5 illustrates the change in observed colour of the AV7 ink film, as 
recorded using a hand-held scanner, for an active TiO2 paint film and a reference sample 
(non-photocatalytic) paint sample containing only non-photoactive rutile. 
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Fig. 3: Structure of AV7 dye 
 
 
 
Fig 4: Plot of G(t) depending on exposition time for AV7 ink on TiO2 in-house paint 
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Fig 5: Example of discoloration of AV7 ink on TiO2 paint (top) and on a reference sample 
without photocatalyst (bottom) 
 
Results of calculated Ttb values for both inks are summarized in Table 1. 
 
Tab1: Ttb(90) values for Rz and AV7 ink for unexposed paints 
 Rz ink Ttb /s AV7 ink Ttb /s 
TiO2 paint 83 2770 
Exterior paint (EP) 4000 >7000 
Interior paint (IP) <5s 356 
 
During weathering test in a QUV panel, TiO2 in-house paint seems to be almost stable. 
Visual observation was carried out every 150-200 h and no significant destruction of paint 
was observed and only small signs of chalking were visible. In contrast, in the case of 
commercial EP, photo-induced damage of paint was observed, so much so that on a 
substantial part of the substrate part the actual paint was almost completely removed (see Fig 
6). 
 
 a b c 
Fig. 6: Exterior facade paint before weathering (a), after 250 hr (b) and after 350 hr (c) of 
weathering test in QUV panel 
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To determine the degree of chalking of the exterior facade paint during weathering a tape 
adhesion method was used. Transparent tape (2 cm width) was pressed on the paint surface 
than the tape was torn away (see Fig. 7). We can see that before weathering the amount of 
white particles on the tape is negligible which suggest negligible signs of chalking. On the 
other side after weathering the tape after the test is full of white particles removed for the 
paint surface which implies a high level of chalking. 
 
 
 a b  
Fig 7 Tape adhesion test on exterior facade paint before weathering (a) and after 350 hr (b) of 
weathering test in QUV panel. 
 
The degradation of facade paint is due to the presence of the photocatalytic pigment. It 
is interesting that in case of interior paint (Fig 8) in which no reasonable resistance against 
weather conditions is assumed, the weathering test in QUV panel does not cause any 
significant destruction of paint film (compared to that of the silicate based exterior paint)   
 
 
 a b  
Fig. 8: Interior paint before weathering (a) and after 500 hr (b) of weathering test in QUV 
panel 
 
As noted earlier, a measure of photocatalytic activity is provided by the reciprocal 
value of the measured Ttb 90 value. Dependence of 1/Ttb 90 on weathering time is illustrated 
in Fig 9a (TiO2 in-house paint), Fig. 9b (interior paint) and Fig. 9c (exterior silicate based 
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exterior paint). From a comparison of the data contained in Figures 9a-9c we can conclude 
that to develop full photocatalytic activity, a certain time of pre exposure is needed, since in 
all cases the photocatalytic activity during the weathering test increases. In the case of the 
TiO2 in-house paint the photoactivity increased 4 times after 600 hours of weathering (to 
0.0013 s-1) and in the case of interior paint after 500 hours of weathering even ten times (to 
0.03 s-1).  A significant increase was observed also for the silicate based exterior paint in 
which no measurable activity (i.e. lower than 0.0001 s-1) using aAV7 ink was observed before 
weathering. But after 350 hours of weathering in QUV photocatalytic activity (AV7 ink test 
was performed on the parts of the paint which remained on the substrate) increased to 0.0022 
s-1 which is even higher than the value for TiO2 in-house paint (0.0013 s-1). Interesting is the 
fact that the interior paint after 500 hr of weathering shows one order of magnitude higher 
photocatalytic activity than the silicate based exterior paint, but, even after this weathering, 
the sample appears stable and no destruction of binder was observed.  
 
 
Fig.9a: Dependence of reciprocal Ttb 90 values of AV7 ink on weathering time in QUV panel 
for TiO2 in-house paint. 
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Fig. 9b: Dependence of reciprocal Ttb90 values of AV7 ink on weathering time in QUV panel 
for interior commercial paint 
 
 
Fig. 9c: Dependence of reciprocal Ttb90 values on weathering time in QUV panel for exterior 
facade paint 
When comparing the results of the weathering test in QUV chamber to outdoor 
conditions, it is necessary to have some idea of how many hours in QUV panel is equivalent 
to one year of outdoor exposure. The annual average sum of incident sunlight for Prague, 
Czech Republic is about 1068 kWh/m2[23]. The incident UV light (300-400 nm) is often 
expressed as 4% of incident sun light. The annual average sum of incident UV light is than 
equal to 43kWh/m2. By the integration of spectral irradiance curve (300-400 nm) of 
fluorescent tubes (used in QUV) we can obtain intensity of 52 mW/cm2 [24]. The time of UV 
irradiation in one QUV cycle (12.2 hours) is 8 hours which means that 1 day of exposure  in 
the QUV corresponds to the dosage of UV light (300-400 nm) equal to 974 Wh/m2 (18.73 h x 
52 W/m2). Comparing this value with the annual average sum of incident UV light (300-400 
nm) in Prague (43kWh/m2) we can say that in this work exposure in the QUV for 1 day 
corresponds roughly to 8 average days of outdoor exposure. Another, more simple, approach 
to estimate the relation between the time in QUV panel and outdoor exposure is based on the 
fact that lamps in QUV are 12 times (52/4.3) brighter than solar UV so 1 day's exposure in the 
weathering unit is ca. 8-12 (depending on the cycle regime in QUV) of days solar exposure. 
It is important to say that the relation between exposure time in the QUV and outside 
exposure time can be extremely misleading [25]. The intensity of sunlight, in kWh/m2, does 
not reflect the variation in degradation caused by temperature, moisture and wavelength. 
Furthermore we must take into account the fact that spectrum of natural UV light, i.e. solar 
UV, is extremely variable (UV can be easily filtered by air mass, cloud cover, pollution and of 
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course solar spectrum changes through the year. The weathering data for the samples in the 
QUV are thus mainly comparative data and we used them to compare selected photocatalytic 
paints. 
 
4. Conclusions 
 Smart inks can be used to assess photocatalytic activity of various paints, interior and 
exterior paints with acrylate or silicate binders. Resazurin ink can be used only for less 
photoactive paints. Ink containing AV7 is suitable for most of the paints, especially for paints 
exposed to accelerated weathering test. 
To reach reasonable a photocatalytic activity for paints with acrylate or silicate binders 
it is necessary to expose the sample to a certain time of weathering resulting in the 
degradation of polymer binder and unblocking of the photocatalyst surface which is then 
available to be effective as a photocatalyst on the inks used to assess activity. On the other 
hand the stability of the polymer binder must be taken in to account so as to achieve a paint 
which is both photocatalytically active but also has a reasonable lifetime as a paint. 
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